Reuse of treated wastewater for turf irrigation is often viewed as one way to maximize existing urban water resources. The aim of this study is to evaluate the applicability of treated wastewater for turfgrass and assess the effects of continuous use of treated water on the soil and crop. Two turfgrass plots irrigated with drinking water and treated wastewater were monitored over a twoyear period. Physical and chemical parameters in the soil and foliar tissue were analyzed. Plants irrigated with treated wastewater had highest sodium content. There were no negative effects with respect to changes in soil pH but a significant increase in electrical conductivity and sodium content was observed in wastewater-irrigated soil. Treated wastewater could be used as a
INTRODUCTION
The continuous growth of the world population along with industrial and agricultural activities for increasing food supply combined with consecutive droughts in recent years have caused the consumption of existing water resources to reach their maximum in arid and semi-arid countries. In addition to conventional resources, non-conventional water resources offer complementary supplies that can be used to partially alleviate water scarcity in regions where renewable water resources are extremely scarce. Such water resources are harnessed for agricultural and other uses through specialized processes such as desalination of seawater and highly brackish water and collection, treatment, and use of wastewater (Qadir et al. 2007) . In Spain water resources are irregularly distributed. The central and southeast areas continue to be regions with severe discrepancies between supply and demand. This is why wastewater reuse for agriculture is becoming a very important water resource in contrast to other nearby countries such as France (Faby et al. 1999) .
Application of wastewater to cropland and forests is an attractive option for disposal because it can improve the physical properties and nutrient contents of soils. Wastewater can often contain significant concentrations of organic and inorganic nutrients, for example nitrogen and phosphate, which are indispensable for crop growth.
A central theme in the planning and practice of wastewater reuse in agriculture has been assessment of the associated risks to humans, although it seems to be unanimously accepted that there are some elements of risk in every wastewater reuse practice and that unrestricted crop irrigation with raw wastewater does pose health risks. Some risk factors are short-term and vary in severity depending on the potential for human, animal or environmental contact (e.g. microbial pathogens), while others have longer lasting impacts that increase with continued use of recycled water (e.g., saline effects on soil and heavy metal accumulation). The use of wastewater for irrigation can increase exchangeable sodium on the exchange complex at the expense of exchangeable calcium, magnesium and potassium, producing problems of salinity and sodicity in soil (Angin et al. 2005) . On the other hand, trace elements which are potentially harmful for human health, such as heavy metals, can be found in treated municipal wastewater effluents.
In several European Union (EU) countries, reused wastewater for agricultural purposes is considered an important resource for either zones with high demand and low supply. Despite these considerations, there is a significant absence of legislation in the EU in controlling wastewater reuse in agriculture. Until last year, there was no legal limit on wastewater reuse but recently, a new Spanish law (R.D. 1620/2007) on the use of wastewater establishes limits depending on the type of application.
The purpose of this research was to study the effects of treated municipal wastewater reuse for irrigation of turfgrass in comparison to ordinary irrigation water (drinking water) on soil properties (macro and micronutrients, heavy metal content).
MATERIALS AND METHODS

Location and design of experiments
This study was carried out in an area near the Wastewater Treatment Plant (WWTP) of Alcá zar de San Juan (29,000 inhabitants) in central Spain (391 24 0 N; 31 12 0 W, altitude 644 m). This treatment plant purifies wastewater using the biological system of Activated Sludge. This is a sewage treatment process in which air or oxygen is forced into the sewage liquid to develop a biological floc which reduces the organic content of the sewage. The origin of wastewater was mixed: 70% of domestic origin and 30% industrial from two industrial zones. Most of these industries are related to cheese and wine manufacturing. Treated wastewater is reused for grapevine irrigation and for the conservation of the Nature Reserve of Alcá zar de San Juan, composed of two steppe lagoons. To prepare for this use, at the end of the wastewater treatment process nitrogen and phosphorus are eliminated from the treated water. Nitrogen is eliminated by aerobic organic matter degradation whereas phosphorus is eliminated by ferric chloride precipitation. At the time of the study, the source of city drinking water was groundwater from the municipal water supply. Two study plots of 400 m 2 each were set up in agricultural land near the Wastewater Treatment Plant (WWTP) of Alcá zar de San Juan. Two types of water treatment were considered: drinking water (the control) and treated wastewater. The study period was throughout two successive years (730 days). At the beginning of the first year, a sprinkler irrigation system was installed in each plot and the land was prepared with farm machinery in order to apply 12 l m À2 of mulch. Each plot was divided into four replicates in order to collect samples.
Cultivation practices
35 g m À2 of grass seed mixture was sowed in May, 2005 . The composition of the mixture was 65% of Festuca arundinacea Kilimanjaro, 20% Festuca arundinacea Arid 3, 5% Poa pratense Conni and 10% Ray English Grass Delaware. Weeds were controlled using 2-methyl-4-chlorophonoxyacetic acid (MCPA). Irrigation was used regularly to avoid drought stress. To calculate the water needs for this crop the methodology proposed by the FAO (Doorenbos & Pruit 1984) was followed, which calculates Reference Evapotranspiration (ETo) using the Penman-Monteith Method and applies the crop coefficient (Kc). The total precipitation during the in the plot area was 436 mm. Since the ETo and Kc values are known, the evapotranspiration and, therefore, water needs could be calculated. In total, 1700 mm of both types of water were applied in irrigation. During the winter season (November-March), the crop was not irrigated because crop growth ceased during this period.
Sampling
Water. Treated wastewater and drinking water were tested once a month while the crop was in the field and was irrigated (n ¼ 14).
Soil. Before sowing we used a hand auger to collect a 25 cm deep soil sample from each test subplot and three replicates were analyzed (n ¼ 4). At the end of the study, samples were collected from various depths: 0-30 cm, 30-60 cm, 60-90 cm. Soil samples were collected at random inside each of the four test plots and three replicates of each were analyzed (n ¼ 4) (S.A.F. 2005) .
Grass. The grass measurements taken were height (cm), phytomass growth (kg ha À1 ) in wet weight and chemical parameters such as N, P, K, Ca, Mg, Na, Fe, Cu, Mn, Zn and Al. All measurements were taken randomly from one point in each plot replicate. To get height and phytomass yields, a grass height meter developed by NMI (Nutrient Managament Institute) and distributed by Eijkelkamp was used to take measurements. For chemical parameter determination, a grass sample was taken randomly in each replicate (n ¼ 4) of each treatment. Samples were collected two times during the study (May 2006 and May 2007) .
Analytical methods
Wastewater samples were prepared for analysis with a previous acid digestion, using the temperature program according to Milestones Cookbook of microwave application notes for MDR technology. Wastewater and drinking water samples were analyzed with the atomic emission method to determine Na and K atomic absorption spectroscopy method to determine Fe, Al Cu and Mn content and ionic chromatography method to determine chloride, sulphate, nitrite and nitrate content. Other chemical parameters such as N-Kjeldahl, total P, BOD 5 , COD, Electrical conductivity, Carbonate and Bicarbonate, IC (inorganic carbon) and TOC (Total organic carbon) were determined according to APHA-AWWA-WPCF (1998).
Soil was analyzed with the following techniques: pH and electrical conductivity (EC) in saturation extract (1:2.5 w v À1 suspension of solid in water), pH with a previously calibrated pH meter (Peech 1965) , EC with a previously calibrated conductivimeter (Rhoades 1996) organic matter content with the Walkley and Black method (Nelson & Sommers 1996) , total Nitrogen (N) by the Kjeldahl procedure and available phosphorus (P) was measured using Olsen method (Olsen & Dean 1965) . For other parameters and metal determination, the soil was prepared by acid digestion according to Milestones Cookbook of microwave application notes for MDR technology. Later, Na and K were determined by atomic emission spectroscopy in an atomic absorption spectrometer (MAPA 1994); Ca, Mg, Fe, Zn, Mn, Cu, Ni, Cr, Cd, As, Hg and Pb by atomic absorption spectroscopy in atomic absorption spectrometer (MAPA 1994) .
Statistical design
The experimental design was 2 treatments of 4 replicates each. Data were analyzed using ANOVA treatments and the method to discriminate among the means was Fisher's least significant difference (LSD) for po0.05. To ensure that data came from a normal distribution, standardized skewness and standardized kurtosis values were checked. Percentage values corresponding to cover value for each species were transformed by arcsine.
RESULTS AND DISCUSSION
Treated wastewater characteristics
Recycled water use is ultimately dictated by local laws, irrigating sports fields with recycled water should be seriously considered where drinkable water is not readily available or too expensive (Jalali et al. 2008) . Factors affecting the decision to use recycled water for sports field irrigation include: human health considerations, soil conditions, irrigation factors, nutrient content of water, and, most importantly, the dissolved salts in recycled water. The chemical characteristics of both types of water used in this study are given in Table 1 .
The composition of the two types of irrigation water did not vary significantly over the study period, so the mean values7standard deviation for the chemical properties have been presented for both cases together. As can be seen in Table 1 , wastewater has significantly higher values for EC, P, N, sulphate, bicarbonate, chloride, inorganic carbon (IC), organic total carbon (TOC), total carbon (TC), Na, K, Al, Cu, Fe, Pb, Cd, Cr, Mn, Ni and Hg. Trace element concentrations in both water types are below the recommended maximum concentrations for irrigation water, according to Ayers & Westcot (1985) .
Water quality refers to the characteristics of a water supply that will influence its suitability for a specific use and is defined by certain physical, chemical and biological characteristics. Specific uses have different quality needs and a water supply is considered more acceptable if it produces better results or causes fewer problems than an alternative water supply (Lockett et al. 2008) . Water use for irrigation can vary greatly in quality depending upon the type and quantity of dissolved salts. Guidelines for evaluation of water quality for irrigation are given by Ayers & Westcot (1985) in Table 2 . These guidelines are practical and have generally been used successfully in irrigated agriculture for evaluating the common constituents of surface water, groundwater, drainage water, and wastewater (Quian & Mecham 2005) . According to the guidelines, Table 3 shows the types of restrictions on use for irrigation with wastewater and drinking water used in this study. 
Effects of wastewater irrigation on soil properties
The original soil characteristics are shown in Table 4 . The soil was basic, slightly saline with a medium level of chloride, sulphate, organic matter and total nitrogen (Yanez 1989) . According to the C:N ratio, nitrogen had high liberation (Guigou et al. 1989) . The amount of P, K, Ca and Mg was very high. Total carbonate percentage was high but Na content was low.
At the end of the study, the pH in the soil profile was not affected by wastewater application (Figure 1a) . The inconsistency of the effect of wastewater irrigation on soil pH has been described by other researchers. Rusan et al. (2007) reported that wastewater irrigation had no significant effect on soil pH regardless of the duration of wastewater irrigation (ten years) or soil depth. Nevertheless, Angin et al. (2005) found that soil pH decreased following long term (fifteen years) wastewater irrigation due to the oxidation of organic compounds. Irrigation water is the main source of salt addition to soil, and its magnitude depends on total water salinity, water composition, the leaching requirements considered, soil type, drainage conditions, climate, management practices, and the consumption of crops to be cultivated. Salinization of irrigated agricultural lands is a serious problem in an arid environment. Soil salinity, measured as electrical conductivity (EC) was higher in wastewater-irrigated soil compared with non-wastewater-irrigated soil ( Figure 1II ). Mohammad & Mazahreh (2003) stated that an increase in EC in wastewater-irrigated soil could be attributed to the high original level of TDS in wastewater. In addition, salts were accumulated more in the deeper soil levels since these salts are water soluble. Otherwise, continuous build-up of salts in the topsoil will adversely affect the activity of soil microorganisms, plant growth and soil productivity (Garcia & Hernandez 1996) . Soil organic content (O.M.) increased significantly with wastewater irrigation application and significantly decreased in depth in both treatments ( Figure 1III ). Organic matter accumulated more in the topsoil (0-30) in both treatments. Similar results were obtained by Angin et al. (2005) , who attribute organic matter accumulation in the upper layer to the irrigation method.
On the other hand, wastewater irrigation significantly increased the concentrations of P 2 O 5 and K 2 O in soil. This increase was the highest in topsoil in the wastewater-irrigated plot, but significant differences in N content were not observed between the two treatments ( Figure 2I, 2II and 2III) .
Several researchers reported accumulation of N, P and K in the soil with wastewater application and attributed this to the original levels of these nutrients in the wastewater applied (Kalavrouziotis et al. 2008) . CaO and MgO contents in soil ( Figure 3I and 3II), were lower in the wastewater-irrigated plots due to the fact that calcium and magnesium are easily displaced by sodium. Significant differences between the treatments do not appear between depths.
The high total salt content, particularly the high Na concentration, requires special management, such as the use of a leaching fraction to prevent the accumulation of excessive salt concentration in the soil (Thomas et al. 2006) . In Figure 3III , it is possible to observe an important Na accumulation in wastewater-irrigated plots at three depths. This concentration was 162% higher than the control plot. High concentrations of sodium ions in irrigation water can affect soil permeability and can cause infiltration problems due to the fact that sodium in the soil is exchangeable with other ions. The cations Ca 2 þ and Mg 2 þ form part of the structural complexes of the soil, generating a granular structure that is well-adapted for crops. Excess sodium ions displace Ca 2 þ and Mg 2 þ and produce soil dispersion and disaggregation. In dry conditions, soil becomes hard and compacted, which reduces water and air infiltration across the pores that shape the soil. Recycled water can be source of excess sodium in the soil as compared to other cations as Ca 2 þ , K þ , Mg 2 þ and therefore it must be properly controlled (Quian 2008) .
Wastewater irrigation had a significant effect on Cu and Zn content at the deepest level (60-90 cm) in the wastewaterirrigated plot ( Figure 4I and 4II). Mn content was significantly higher in topsoil in both treatments, the highest value was observed in the wastewater-irrigated plot.
For the metals Al, Cr and Ni, Table 5 shows high content in the wastewater-irrigated plot. Wastewater irrigation had no significant effect on soil lead (Pb) content at the three levels monitored. Al and Ni contents were statistically higher in the deepest sampled level whereas the highest Cr concentration was observed in the intermediate level (30-60 cm) in the wastewater-irrigated plot. It is worth noting that wastewater irrigation mismanagement (especially under long term application) can produce heavy metal accumulation and deterioration of soil and crop quality. Accumulation of micronutrients and heavy metals from wastewater application may be caused directly from wastewater composition or indirectly through increasing solubility of the indigenous insoluble soil heavy metals as a result of chelation or acidification by the applied wastewater (Rusan et al. 2007) . Effects of wastewater irrigation on grass
Height and Phytomass yield. After each mowing, grass height was recorded. The first measurements (June 2005) had greater height in the wastewater-irrigated crop than the control crop ( Figure 5 ). But during the study the differences disappeared and it is possible to observe that turfgrass growth in both plots was similar and limited. Therefore, throughout the study the speed of growth after each collection showed no differences between treatments. In the winter season (November-March) the crop was not irrigated because it ceased growth and this is why the result was lower height in both treatments.
The phytomass yield graph shows the same shape as the height graph ( Figure 6 ). Hence, the growth of the wastewater-irrigated crop was always significantly higher than the control crop.
Foliar nutrients. Urban garden plants and turfgrass require fertilization to maintain their color, density and vigor. The quantity of fertilizer applied annually depends on several factors essential for grass growth, since this is the case in all plants. Adequate turfgrass nitrogen fertilization can be observed in the intense green coloration of the leaves, a symptom of suitable chlorophyll production. No significant differences in N foliar content were observed between wastewater-irrigated grass and the control (Figure 7) . Nevertheless, there was a significant increase in N content in both treatments during the second year of the study, due to the crop being completely established. In addition, the availability of these nutrients is higher due to organic matter mineralization of the mulch, although they were below the values that Turgeon (1980) considers normal in lawn cuttings (3-5%).
The figure shows significant P accumulation in the second year in grass from the wastewater-irrigated plot. In addition to nitrogen, phosphorus is an important factor in growth, since it takes part in most plant biochemical activities. P content in turfgrass leaves is generally below 0.5%. Deficiency symptoms can be detected rapidly due to slowing of root system growth (Pineda et al. 2006) . The behavior of potassium is very similar to that of nitrogen, except in the first differences between wastewater and drinking water irrigated soil three depths at Pr0.05 using Fisher's LSD test (n ¼ 4).
E. Castro et al. 9 9 9 9 Effects of wastewater irrigation on soil properties and turfgrass growth Water Science & Technology 9 9 9 9 63.8 9 9 9 9 2011 year, the level of potassium wastewater-irrigated grass is significantly lower than the control. K constitutes a balance and health element and increases the resistance to cold and to diseases. K contents in turfgrass are typically around 5%, which indicates that in the present study both grass plots are deficient in this element. The opposite occurred with Ca content; the control grass reported a significantly higher amount of Ca (%) than wastewater-irrigated grass (%) in both years. A similar pattern occurred with Mg foliar content; levels of this nutrient in wastewater-irrigated grass were lightly lower than control grass. In this case, a significant accumulation was produced in the second year in both treatments. Ca and Mg concentrations present a clear antagonistic effect with regard to potassium; this situation can produce potassium deficiency due to excess of active calcium or available magnesium. *Different letters mean significant differences between treated wastewater and drinking water-irrigated soil at P r 0.05, using Fisher's LSD test (n ¼ 4).
Figure 5 9 9 9 9 Turfgrass height (cm) throughout the study period.
Figure 6 9 9 9 9 Phytomass yield (kg ha À1 ) throughout the study period.
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With respect to micronutrients Fe, Mn and Cu foliar content was significantly higher in wastewater-irrigated grass than in the control in the second year. No significant differences were observed in Cu foliar content among treatments, although differences were observed between years.
It is important to emphasize the behavior of Na because foliar tissue from the wastewater-irrigated plot has much higher concentrations (1442 mg kg À1 in first sampling and 3029 mg kg À1 in second sampling) than the control (235 mgÀkg À1 and 432 mg kg À1 respectively). Na content is a very important factor in turfgrass irrigation. The roots absorb Na and transport it to the leaves, where it accumulates and can cause damage. However, the leaves can also absorb sodium directly; for this reason, irrigation with water high in sodium is particularly harmful when water-sprinklers are in use. The content in wastewater-irrigated turfgrass leaves is almost six times higher than in the control plants. This is important, despite the fact that the toxic effects of the sodium are more evident in other cultivated plants (generally not grasses) since turfgrass is cut periodically. The use of wastewater increases the concentration of this element in the soil and since it can be a source of excess sodium, its use must be controlled adequately and application is recommended for tolerant species and varieties. The cations Na þ , Ca 2 þ and Mg 2þ are rapidly exchangeable, whereas K þ and NH 4 þ are exchanged with difficulty. Therefore, excess Na leads to Ca and Mg deficiency. Ca and Mg content in wastewaterirrigated turfgrass are lower than in the control. Regarding metals, and specifically Al, significant differences have been observed between the two treatments. Table  5 clearly demonstrates the accumulation of this metal in plant tissue from the wastewater-irrigated plot. On the other hand, Pb, Cd, Cr, As and Ni content are o0.2 mg kg À1 in both treatments during the study.
Finally, although microbiological aspects have not been evaluated in this study and long-term monitoring should be performed in order to avoid health problems due to wastewater use for irrigation, the parameters evaluated in our study showed that the use of treated wastewater for irrigating turfgrass was useful for improving growth.
CONCLUSIONS
Treated wastewater from the Alcá zar de San Juan wastewater treatment plant can be a source of fertilizer since it contributes K 2 O, P 2 O 5 and organic matter without negative effects regarding changes in soil pH and heavy metal accumulation. However, an additional contribution of nitrogenous fertilizer would be needed to obtain suitable crop growth. It is necessary to be aware that many crops could suffer from the negative effects of wastewater irrigation due to its sodium content. Nonetheless, the benefits of irrigation with treated wastewater should be kept in mind, including the addition of plant nutrients to turfgrass and the conservation of valuable freshwater resources. Although microbiological aspects have not been aim of this research, it is suitable realize microbiological analyses to avoid risks for human health, especially, when wastewater is used in this crops, which can be in direct contact with the persons (public gardens, golf courses, etc).
